Introduction
The flagellate protozoan Trypanosoma cruzi, the agent of American trypanosomiasis, has a complex life cycle (Brener, 1973) . The infective trypomastigotes circulate in the blood of the vertebrate host and are capable of penetrating cells. Inside the host cells they are transformed into amastigotes, which are the dividing forms of the parasite. The intracellular amastigotes differentiate back to trypomastigotes which lyse host cells and return into circulation. When parasites are ingested by the insect vector, the trypomastigotes differentiate into dividing epimastigotes in the insect midgut where they multiply. In the lumen of the insect rectum they are transformed into trypomastigote metacyclic forms and are deposited with feces during the insect meal reestablishing the infection in the mammalian host.
Trans-sialidase is the enzyme responsible of transferring sialic acid from sialylated molecules in the medium to parasite molecules, since T.cruzi is unable to synthesize sialic acid (Schauer et ai, 1983) . This enzyme activity has an essential function for parasite multiplication and survival. It is involved in the formation of sialylated epitopes in parasite mucins that are required for interaction/invasion of host cells by T.cruzi (Schenkman et al, 1991 (Schenkman et al, , 1993 .
Trans-sialidase is a unique enzyme since it transfers sialic acid linked in ct-2-3 from glycoproteins and glycolipids, but cannot use CMP-sialic acid as donor (Previato et al., 1985; Zingales et ai, 1987; Schenkman et al, 1991; Parodi et al., 1992) . Acceptors of the sialic acid in the trans-sialidase reaction are terminal p-galactoses in glycoconjugates. Transsialidase is made of two domains. The one on the N-terminal region has all the sequences required for the enzymatic activity (Parodi et al., 1992; Campetella et al, 1994; Uemura et al, 1992) . The second domain located on the C-terminal region is made up of 12-amino-acid-Iong repeats in tandem (Affranchino et al, 1989; Pollevick et al, 1991; Pereira et al, 1991; Parodi et al., 1992; Uemura et al, 1992) . This second domain was named SAPA (for shed-acute-phase-antigen) because it is the immunodominant region of the molecule in acute and congenital human infections (Affranchino et al., 1989; Reyes et al, 1990) . A monoclonal antibody directed against the SAPA repeats ( Leguizam6n et al, 1991) , immunoprecipitates only a family of three to six proteins of 160-200 kDa, encoded by related genes and containing most of the transsialidase activity of the parasite (Campetella et al, 1992; Parodi et al., 1992; Pollevick et al, 1993) .
Many membrane proteins from eukaryotic cells are known to be linked via a glycosylpbosphatidylinositol to the carboxyterminus of the protein (Ferguson and Williams, 1988; Cross, 1990; Englund, 1993) . A glycerolipid is usually the constituent of the GPI anchor, thus the lipid moiety of the 1G-7 antigen from metacyclic forms of T.cruzi is mainly l-O-hexadecyl-2-O-hexadecanoylglycerol (Gutheref al, 1992) . Lyso l-O-hexadecylglycerol is the lipid component of Tc-85 (Couto et al, 1993) and of the mucin-like complex, F2/3 (Almeida et al, 1994) , both obtained from the trypomastigote stage. However, when epimastigotes differentiate to metacyclic trypomastigotes the l-0-hexadecyl-2-<9-palmitoylglycerol in mucins is replaced by a ceramide (Acosta Serrano et al, 1995) . Also, in the Ssp4 glycoprotein of the amastigote forms a ceramide was identified as the anchor lipid (Bertello et al, 1996) . Apparently, ceramide was not described as anchor of mammalian glycoproteins.
In this article we chemically characterized the lipid moiety of the trans-sialidase anchor by metabolical labeling with [ 3 H]-palmitic acid. The presence of the trans-sialidase as a circulating protein in the blood of infected mice might be explained if this antigen is GPI-anchored and thus released by a phospholipase C (Pollevick et al., 1991) . Accordingly, this enzyme is known to be present in Trypanosoma cruzi (Andrews et al, 1988) .
Results

Trans-sialidase was metabolically labeled with [
3 H]-palmitic acid and purified by immunoprecipitation of the lysed parasites with the specific monoclonal antibody. The immunoprecipitate was exhaustively extracted with ether, in order to remove the radioactive precursor strongly adsorbed, and other lipids. The last ether extraction only showed some radioactive fatty acid. The sample (12000 cpm) was enzymatically digested with PI-PLC from Bacillus thuringiensis. After ether extraction 76% of the radioactivity was recovered in the organic phase. The resistance of one-quarter of the trans-sialidase to PI-PLC could be due to inositol acylation (Ferguson, 1992) , since saponification of the aqueous phase released most of the radioactivity as palmitic acid (data not shown). When the organic phase was analyzed by TLC in solvent A (Figure la ) a spot coincident with authentic samples of ceramide and/or alkylglycerol was shown. Although this solvent did not discriminate both lipids, R-Agusti etaL the remaining precursor was well separated. The palmitic acid would not originate from ester hydrolysis of an acylalkylglycerol anchor, since in previous works from our laboratory (Bertello et al, 1995) we only detected alkylacyl and diacylglycerol, under the same conditions. The lipid was further extracted from the plate (5600 cpm) and reanalyzed in solvent B ( Figure  lb) . In this case, the presence of one spot coincident with ceramide and a minor one, with Rf of hexadecylglycerol was obtained. When both components were eluted from the plate and counted for radioactivity, an alkyl/ceramide ratio of 1:3 was obtained. The alkylglycerol analyzed by RPTLC in solvent E showed a main spot coincident with hexadecylglycerol (Figure 2a) . The faster migrating component could correspond to the C14 alkylglycerol.
In order to confirm the structure of the lipids released by PI-PLC, another sample was hydrolyzed with HCl/methanol/ water (3:29:4, by vol.) and analyzed by TLC in solvent C ( Figure 2b ). As shown, the ceramide was cleaved to dihydrosphingosine and fatty acid methyl ester. On the other hand, as expected, the alkylglycerol was not affected by methanolysis. The fatty acid methyl ester was eluted from the plate and analyzed by RPTLC (solvent F, Figure 3 ). Two components were detected, one of them with the mobility of C20:0 fatty acid methyl ester. The other spot migrating between C16:0 and C18:0 was further eluted from the RPTLC and reanalyzed by silica TLC. The sample showed an Rf 0.5 coincident with standards of saturated fatty acids while a-OH fatty acids showed an Rf 0.29 and the unsaturated standard an Rf 0.41. The low amount of material precluded further investigation.
Discussion
In this article we have characterized the lipid moiety of the glycoinositolphospholipid that anchors the trans-sialidase to the membrane. The results presented demonstrate that two different kinds of lipids are linked through a phosphate bridge to a glycoinositol structure: ceramide and hexadecylglycerol. A glycerolipid is usually found as constituent of GPI anchors. Thus, the first known structure, determined in the VSG of T.brucei, is dimiristoylglycerol (Ferguson et al, 1985) , unique to this parasite. Also, a glycerolipid was detected in the GPI of mammalian glycoproteins, a ceramide anchor was never reported. However, in T.cruzi GPI anchors of glycoproteins, as well as in free glycoinositolphospholipids, both kinds of lipids were found. Also, some anchors in Dictyostelium discoidewn (Stadler et al, 1989) and Saccharomyces cerevisiae contain ceramide instead of a glycerolipid. There is evidence in yeast that the ceramide is added in a remodeling reaction after the anchor is attached to the protein (Conzelmann et al., 1992) .
Hexadecylglycerol has been previously found as component of the Tc-85 glycoprotein anchor obtained from the trypomastigote stage of T.cruzi (Couto et al., 1993) . Interestingly, the 1G7 anchor, presents an acylated alkylglycerol component (Giither et al., 1992) , but a small proportion of a putative inositol phosphoceramide structure has been recently reported (Heise et al, 1995) . In contrast, the lipids obtained from the trans-sialidase anchor gave an alkyl/ceramide ratio of 1:3.
The same type of lipids have been respectively found as components of the GIPL-A and GIPL-B present in approximately 1:1 ratio in epimastigotes collected at the logarithmic phase of growth (Lederkremer et al., 1993) . However, only ceramide could be detected in the lipopeptidophosphoglycan from epimastigotes harvested at the stationary phase of growth (Lederkremer et al, 1990) . A summary of the major structures found in T.cruzi GPI anchors is shown in Figure 4 . Singh et aL, 1994) ; GIPLs (Lederkremer et aL, 1993) ; Metacyclics: 1G7 (Gtlther et aL, 1992; Heise et al, 1995) ; mucins (Acosta Serrano et al, 1995) ; Amastigotes: Ssp4 (Bertello et aL, 1996) ; Trypomastigotes: Tc-85 (Couto et al, 1993) ; SAPA/trans-sialidase (present work); F2/3 (Almeida et al, 1994 ).
The major difference between epimastigote and metacyclic mucins is the acquisition of approximately 70% of inositolphosphoceramides in the metacyclic forms (Acosta Serrano et al., 1995) . This lipid change has been associated with the increased infectivity of metacyclic forms and the ability of the parasite to shed the mucins upon invasion of the host cell (Schenkman et al., 1993) . A ceramide was identified in the Ssp4 glycoprotein characteristic of the amastigote forms (Bertello et al., 1996) . This antigen is progressively shed by the action of an endogenous PI-PLC (Andrews et al., 1988) . On the contrary, Tc-85 from infective trypomastigote forms is shed in membrane vesicles (Goncalves et al., 1991) bearing its GPI glycerolipidic anchor (Abuin et al., 1996) . The presence of ceramide in T.cruzi could then be related to the shedding by a PI-PLC and thus indirectly to the infectivity of the parasites. These results would be in accordance with the fact that the txans-sialidase seems to be the major shed T.cruzi antigen during the acute period of infection (Affanchino et al., 1989) .
Materials and methods
General methods
Radioactivity was determined in a 1214 Rackbeta Wallack liquid scintillation counter using Optiphase'HiSafe 3 scintillation cocktail (LKB) for aqueous and nonaqueous samples. For fluorography, TLC plates were sprayed with EN 3 HANCE (New England Nuclear) and were exposed to Kodak X-OMAT AR films at -70°C.
Parasites
Trypomastigotes from the RA strain (Gonzalez Cappa et al, 1981) were obtained from infected Vero cell cultures as described by Zingales et al. (1985) .
Metabolic labeling
Parasites (1.5 x 10") were metabolically labeled with [9,10 (n)-3 H] palmitic acid (Amersham, 500 mCi/mmol, 1.95 mCi/mg, 5 mCi/ml) as reported (Couto et ah, 1985) . After incorporation of the precursor for 3 h, microscopic observation showed that the parasites did not suffer morphological modifications. The parasites were harvested by centrifugation at 800 x g for 10 min, the supernatant was separated, and the parasites were washed twice with DME and lysed in 50 mM Tris/ HC1 buffer pH 7.6, 150 mM NaCl containing 1 mM PMSF, 1 mM o-fenantroline, 0.1 mM pepstatine, 0.1 mM quimostarine, 0.1 mM antipaine, 10 mM pCMPSA, and 0.5% Triton X-100. Immunoprecipitation was performed for 1 h in 50 mM Tris/ HC1, 150 mM NaCl, pH 7.4 with a monoclonal antibody against the trans-sialidase amino acid repeats obtained by immunization of mice with the recombinant antigen (Leguizam6n et aL, 1991) as previously described (Parodi et aL, 1992) . The immunoprecipitate was exhaustively washed with the same buffer.
Thin layer chromatography
TLC was performed on silica gel 60 (Merck) precoated plates using the following: A, hexane/2-propanol (93:7, by vol.); B, chloroform/methanol (19:1.5, by vol.); C, chloroform/methanol/ 2.5M NH«OH (40:10:1 by vol.) double development; D, hexane: ethyl acetate (95:5, by vol.). Reverse-phase TLC (RPTLC) was performed on RP-18 F254 (Merck) plates using acetonitrile/ methanol (1:1, by vol.) as solvent E and acetonitrile:acetic acid (1:1, by vol.) as solvent F. When necessary, samples were eluted from the silica gel with chloroform/methanol (1:1, by vol.).
PI-PLC digestion
An immunoprecipitate of trans-sialidase was suspended in 0.5 ml of 50 mM Tris/HCl, pH 7.4 and extracted with ether to remove adsorbed lipids until no appreciable radioactivity could be extracted. PI-PLC digestion was then performed for 90 min at 37°C with O.lu PI-PLC from Bacillus thuringiensis in the presence of 0.1% deoxycolate. The lipid was extracted with ether (3x1 ml) and analyzed by TLC. The aqueous phase was treated with 300 p.1 of concentrated NH 4 OH: methanol (1:1, by vol.) for 3 h at 37°C, neutralized with acetic acid, and extracted with ether.
Siethanolysis
The lipid moiety was hydrolyzed by heating for 18 h at 70-78 °C with concentrated HCl/methanol/water (3:29:4, by vol.). The hydrolysate was made alkaline (pH 9) and extracted with ethyl ether. The extract was dried, dissolved in chloroform, and analyzed by TLC.
